High-resolution echelle spectra have been obtained of the semi-detached Algol-type eclipsing binary system, TX UMa with the high-resolution echelle spectrographs of the 1.8 m telescope at Bohyunsan Optical Astronomy Observatory in Korea and of the 2.0 m telescope of Peak Terskol Observatory in Russia. New accurate radial velocities of its components have been measured. With the new measurements, we have been able to infer an improved orbital solution and the masses of the components of the system. For the first time, we have measured the rotational velocity for the Roche lobe filling secondary component. We have concluded that it rotates synchronously, while the rotation of the mass-accreting primary component is 1.5 times faster than synchronous.
130 H α Grygar, Hric & Komžík (1991 ) 1969 -1973 71 ± 1.5 Rossiter effect Komžík, Chochol & Grygar (2008 ) 1975 123 ± 4 N a I D Mallama (1978 ) 1981 64 C II 1324 , 1335 Cugier (1989 ) 1983 40 Mg II 4481 Karetnikov & Kovtyukh (1986) (1980) found that the period had remained constant since 1965. A sudden change around HJD 243 8856 was reported by Oh & Chen (1984) . New period changes were observed between HJD 244 5111 and 244 6122 (Hric & Komžík 1992) , which were attributed to mass transfer from the cool, low-mass, Roche lobe filling secondary component (hereafter component B) to the mass-accreting, massive primary component (hereafter component A). Qian (2001) studied the period changes of TX UMa from 1934 to 2000, and found a secular period decrease (dP/dt = 7.13 × 10 −7 d yr −1 ) and five abrupt changes superimposed on this secular trend. The secular change and jumps in period are explained by orbital angular momentum loss as a result of magnetic-wind-induced mass loss from component B.
An investigation of the distribution of circumstellar matter in the TX UMa system was carried out by Albright & Richards (1993) on the basis of 105 CCD spectra in the H α region. They found evidence of localization of matter above the orbital plane as a result of the interaction between inflowing matter and a transient disc around component A. The result is increased absorption in the line-core of component A at phases of primary minimum. Albright & Richards also detected the presence of a transient disc with an inhomogeneous matter distribution, which manifests itself in the form of two different intensity emission components (V and R). The intensity of these components varies with orbital phase with the 'red' R component increasing at phases 0.16-0.19 and the 'violet' V component at phases 0.5-0.66. The maximum density in the transient disc is observed at phases 0.65-0.82. The intensity of the circumstellar emission and absorption components changes with time, such that the H α line was much less distorted by the influence of circumstellar matter in 1991 than in 1992.
IUE observations during [1980] [1981] [1982] [1983] [1984] [1985] show that the resonance lines of Si IV, Al III, Fe II, Mg II, C IV and N V, formed in the circumstellar environment, can exhibit strong phase and secular variations (McCluskey, McCluskey & Kondo 1988) .
The published rotational velocities of component A are presented in Table 1 . Evidently, the derived rotational velocity shows significant scatter ranging from 40 to 130 km s −1 . The explanation might be an inadequate spectral signal-to-noise ratio (S/N) or the inclusion of strong (hydrogen and sodium) spectral lines formed in extended atmospheric layers and subject to markedly time-varying characteristics. Therefore, notwithstanding the numerous previous studies, TX UMa merits further investigation of its rotational velocities and chemical abundances.
S P E C T RO S C O P I C M AT E R I A L
Spectra of TX UMa were obtained using the high-resolution fibrefed prism cross-dispersed spectrograph, the Bohyunsan Observatory Echelle Spectrograph (BOES), at the 1.8-m telescope of the Bohyunsan Optical Astronomy Observatory (BOAO; Kim et al. 2007) . A 2k × 4k CCD at the 200 μ fibre was used as a detector. The spectral resolution was R = λ/δλ = 45 000 and the spectral coverage of one exposure was 3600-10 500 Å. Additional spectra were obtained in 2009 using the 2.0-m telescope of the Peak Terskol Observatory (PTO) by the International Centre for Astronomical Medical and Ecological Researches (ICAMER, Russia) and the MAESTRO echelle spectrograph (Musaev et al. 1999) . The spectral region covered was 3600-10 500 Å.
The Julian dates of observations, phases, resolution, S/N, radial velocities of components and rotational velocities are given in Table 2 . The spectra from the BOAO were reduced using IRAF and the spectra from Peak Terskol using the echelle reduction and analysis packages DECH95 and DECH20T. 1 Sets of equivalent widths from the MAESTRO and BOES spectrographs are compared in Fig. 1 . The correlation of the two systems shows good agreement. The compared spectra were acquired at different orbital phases (0.13 and 0.63), and therefore some of the dispersion may result from differential blending.
N E W PA R A M E T E R S A N D ROTAT I O N V E L O C I T I E S F O R T X U M A
To determine the radial and rotation velocities of the components, we employed the least-squares decomposed (LSD) profile method described by Glazunova et al. (2008) two line lists optimized for the temperature of each component: A (13 000 K) and B (5500 K).
The heliocentric radial velocities obtained from the LSD profiles of the primary and secondary components are presented in Table 2 . The orbital radial velocities are shown in Fig. 2 . The component radial velocities were calculated by averaging the measurements of the LSD profile centroid and core. The solution using solely our radial velocity curve is shown in column 2 of Table 3 . The solution using a combination of our data and those of Maxted et al. (1995) is given in column 3. Column 4 shows the parameters obtained by Maxted et al. (1995) . Moreover, Table 3 also shows the absolute component parameters calculated using our new orbital and mass solution and adopting the orbital plane inclination i = 83.5 and relative radii r 1 = 0.176 and r 2 = 0.264 by Maxted et al. (1995) .
As noted in the introduction, the rotation velocity of component A has been determined by several authors using various spectral lines and methods, with results from 40 to 130 km s −1 . An attempt to estimate the rotation velocity for component B was made by Karetnikov & Kovtyukh (1986) using the Mg II 4481-Å line. However, as shown in the analysis of our spectra, component B lacks sufficiently strong unblended lines in this wavelength range to make an accurate estimation (the largest contribution of component B to blends is about 1.5 per cent).
To illustrate the contribution of component B, we present in Fig. 3 the LSD profiles constructed from the spectra obtained at phases 0.13 and 0.63. The LSD profile of component A yielded a Fourier expansion with a distinct principal minimum; thus, the projected rotational velocity of v sin i = 69 ± 3 km s −1 was determined with good accuracy. The rotation velocity of component A, found using the Mg II 4481-Å line, is v sin i = 83 ± 5 km s −1 , which indicates that strong lines exhibit systematically higher rotation velocities.
The LSD profile of component B is weak but, as seen from Fig. 3 , it can be reliably determined. The rotational velocity of component B, estimated from the half-width of the LSD profile and the velocity of component A, is given in Table 2 .
Synchronous rotation velocities for the components were calculated using the radii from Maxted et al. (1995) , and are 47 and 70 km s −1 , respectively. Thus, we find that the secondary component rotates synchronously while the primary component rotates 1.5 times faster than synchronous.
It should be mentioned that some semi-detached systems, such as TW Dra, RW Mon and RZ Cas, were classified as asynchronous in early studies, but have had their asynchronicity factor reduced to unity by subsequent determinations of component radii and velocities (Glazunova et al. 2008) . However, for TX UMa, the asynchronicity cannot be removed by postulating a larger radius for the main component, as this is ruled out by the accurately known system orbital parameters.
C H E M I C A L C O M P O S I T I O N

Atmospheric parameters of the components
The spectral classes and effective temperatures of the components have previously been derived using a variety of methods, for example, on the basis of stellar magnitudes, the wings of hydrogen lines and the spectral energy distribution. The most reliable and consistent results include the determination of T eff (A) = 12 900 ± 300 K and T eff (B) = 6700 K by Cugier (1989) from ultraviolet spectra modelling, the determination of T eff (A) = 13 000 K and T eff (B) = 5500 K by Albright & Richards (1993) from H α line modelling, and T eff (B) = 5500 K derived by Olson (1982) from photometric fluxes. Therefore, we adopted effective temperatures T eff (A) = 12 900 ± 300 K and T eff (B) = 5500 ± 200 K for our analysis. We derived the surface gravity for TX UMa from the absolute parameters given in Table 3 . These are close to the values log g(A) = 4.21 ± 0.02 and log g(B) = 3.25 ± 0.02 obtained by Maxted et al. (1995) .
The microturbulent velocity for the main component was determined from the ionized iron curve of growth, and we simply adopted the equivalent value for component B. We adopted solar abundances (Grevesse & Sauval 1998) . The model parameters for calculating the synthetic spectrum of each component are presented in Table 4 . To calculate the composite synthetic spectrum, the flux ratio at 5500 Å was set at F A /F B = 9. Fig. 1 shows the relation between the equivalent widths obtained with the BOES and MAESTRO echelle spectrographs. Evidently, the two systems of equivalent widths agree well. The synthetic spectrum of the components, and the combined spectrum of the system, were calculated using the spectral synthesis codes SYNTHE and URAN, using the method described by Yushchenko et al. (2004) . The synthetic spectra of the components were shifted by the amount of orbital radial velocity and convolved according to their contribution to the integral spectrum. For comparison between the theoretical and observed profiles, we selected only unblended lines of the primary component. Then we calculated the composite profiles for different abundances and compared them with the observed one. The combination of the two components into a merged spectrum used the Lyubimkov (1995) formula:
Chemical composition of the components
Here, F λ (A) and F λ (B) are the fluxes at a given wavelength for the primary and secondary components, respectively, and R A and R B are their radii. We determined the abundances of 11 chemical elements for component A. The dependence of abundance on the atomic number is given in Fig. 4 . Table 5 presents the mean logarithmic abundance This value is only about half the equivalent width calculated under the non-LTE approximation with microturbulence 2.3 km s −1 . This disagrees with the equivalent widths calculated for the model from Faraggiana et al. (1988) but agrees with the equivalent widths of this line in the spectra of other stars in this temperature and gravity range (see fig. 2 in Faraggiana et al. 1988 ). The two top spectra in Fig. 5 show a synthetic composite spectrum overplotted with the observed one. The two bottom spectra are those synthesized for the primary and secondary components. These illustrate that the weak iron lines are well described by the chosen model and abundances. For the secondary component, we identified about 70 lines but we could not use these for abundance analysis because of blending. We can merely infer that the chemical composition of the secondary component does not give evidence of departing from solar because its spectrum fits very well the synthetic spectrum for T eff = 5500 K, log g = 3.3 and solar abundance.
Helium abundance in the primary component
In order to determine the He abundance of component A, a grid of theoretical profiles for 11 neutral helium lines was calculated in both the LTE and non-LTE approximations, with the helium abundance He/H ranging from 0.016 to 0.501. Theoretical profiles were calculated using the DETAIL and SURFACE codes (Giddings 1981; Butler 1984; Butler, private communication) . The detailed methodology is described by Lyubimkov, Rostopchin & Lambert (2004) .
For best accuracy, we selected only He lines with a negligible contribution from the secondary component. Table 6 gives the results of the He abundance determination for the different lines and the average values for the LTE and non-LTE models. The helium abundance -whether LTE, non-LTE or averaged -is solar within the uncertainty. Fig. 6 shows the residuals from the H α line profiles at different orbital phases, obtained by subtracting theoretical profiles of the components that were shifted for the orbital velocity and flux-averaged (see also Albright & Richards 1993) . The vertical line denotes the centre-of-mass velocity.
H α L I N E -E M I S S I O N P RO F I L E S
As noted in Albright & Richards (1993) , the H α line profiles of TX UMa vary appreciably. The residual profiles obtained in 1991 between orbital phases 0.11 and 0.17 showed very weak emission and weaker absorption, in contrast to the residual profiles acquired in 1992. Moreover, our residual profiles show both emission and absorption features differing from the 1992 residual profiles, with their red and blue emission components. The half-width of the emission profile varies (under the influence of the absorption component) from 105 km s −1 for phase 0.1 up to 270 km s −1 for phase 0.63. The half-width of the absorption profile is 220 km s −1 . The radial velocity of the emission profile centre, approximated by a Gaussian, varies from 45 km s −1 for the phases 0.11-0.33 to −45 km s −1 for the phase 0.63.
The half-widths of the emission profiles are in good agreement with the Albright & Richards (1993) data. Our H α difference profiles, in general, are in good agreement with the Albright & Richards difference profiles at low velocity, except that our profiles do not show significant absorption.
Thus, at the time of our observations, the additional absorption and emission in H α were formed in a compact region, most likely in the space between the components. This might correspond to the interaction region, where matter flowing from the donor (secondary component) affects the atmosphere of the receptor (primary) component, with the gas extending far from the orbital plane. A transient disc in our scenario is not in evidence.
B E H AV I O U R O F S T RO N G S P E C T R A L L I N E S O F T H E M A S S -AC C R E T I N G C O M P O N E N T
In spectroscopic studies of close interacting binary systems where both components are rapidly rotating, the main focus has usually been on the strong lines. It is important to study such lines systematically to resolve the subtle effects of their formation, including binarity, mass transfer and circulating gas. The Mg II 4481-Å line is often analysed for the determination of the rotation velocity. As noted by Glazunova et al. (2008) (1995) , varies in phase with the orbital period in Algol-type systems. Glazunova, Yushchenko & Mkrtichian (2009) find that these strong lines of light elements have larger equivalent widths in Algol systems relative to single stars of the same spectral class. This effect has also been noted in the strong lines of Mg and N. Moreover, weak lines of these elements show solar abundances while strong lines seem to imply overabundances. We can see that there is no significant change in the equivalent width of selected strong lines with orbital phase within the measurement uncertainties. This suggests an absence of a significant amount of gas in the circum-primary space. Similarly, minor phase variations of the strong lines were also found in the semi-detached Algol systems, R CMa (Glazunova et al. 2009 ) and TW Dra (Lehmann et al. 2008) , and in the quiescent stage of the active Algol-type system, RZ Cas (Tkachenko, Lehmann & Mkrtichian 2009 ).
We found five weakly blended Mg II lines and one Mg I line (Table 7) in the spectrum of the main component of TX UMa. Our calculations show that the magnesium abundance inferred from the Mg II lines is insensitive to the model parameters but the result from Mg I is very parameter dependent. The weakest Fe lines imply a solar abundance within the errors (±0.16), whereas the strong line abundances, which are sensitive to the microturbulent velocity, are larger. Non-LTE corrections for the Mg II lines for given T eff and log g, are only a few per cent (Lyubimkov et al. 2005) , which is negligible compared with other abundance uncertainty contributions. Increasing the microturbulent velocity to 4.5 km s −1 revises the strong line abundances to solar. The same can be said about the O I λ 7774-Å triplet, for which the same microturbulent velocity increase revises the abundances to solar even in the LTE approximation.
Thus, we can conclude that the strong lines of light elements in semi-detached systems exhibit larger equivalent widths than weak lines and consequently might be interpreted to imply abundance excess as well as higher rotation velocities (as in the example of the Mg II 4481-Å line). We should mention that in single stars or detached systems strong and weaker lines of light elements show the same abundances. The same behaviour has been noted for the strong lines of some lighter elements (O, N, Mg) in the main component of the Algol system R CMa (Glazunova et al. 2009 ). This effect can be explained as the atmospheric interaction of the mass-accreting star with the gas stream from the donor component, a scenario in which the mass-gaining member in Algol systems is distended with respect to normal stars and probably additionally turbulent.
C O N C L U S I O N S
(i) We have obtained new radial velocity measurements for the TX UMa Algol-type system and we have improved the evaluation of its orbital elements and component masses.
(ii) We have measured the rotation velocity of the Roche lobe filling component for the first time (i.e. 72 km s −1 ), and we conclude that its rotation is synchronous. The rotation velocity of component A, defined by all (inclusive of strong) lines in the spectral range of 4000-7000Å is 69 ± 3 km s −1 , which conflicts with the synchronous value of 47 km s −1 . Thus, the mass-accreting component A rotates 1.5 times faster than synchronously. The asynchronicity factor of the mass-accreting component is significant and requires elucidation.
(iii) We do not find signs of strong mass transfer except for some weak and variable emission in the H α line, which suggests only weak or irregular mass exchange in this system during the epoch of observations.
(iv) We have found that the Mg II 4481-Å line and other strong lines of the light elements (N, O, Mg) in the atmosphere of the primary component are much stronger than in the atmospheres of single or detached binary stars. Moreover, they show higher abundances and rotation velocities (v sin i = 83 ± 5 km s −1 ) compared with weaker lines of the same elements. Increasing the microturbulent velocity to 4.5 km s −1 for the strong lines led to agreement in abundances between the strong and weak lines. This effect is also common for mass gainers in other semi-detached systems (AU Mon and RY Gem; see Glazunova et al. 2008) and is most likely a consequence of interaction of the mass gainer's atmosphere with the low-density matter inflowing from the donor star. This highvelocity (400-500 km s −1 ) circumfluent gas adds turbulence to the primary's atmosphere and extends outward in the form of an optically thin pseudo-atmosphere, which is the plausible main source of the observed H α line variability, as well as the enhanced strength and broadening of the strong resonance lines.
(v) We have found a noticeable deficiency (−0.31 dex) of carbon in TX UMa, which agrees well with results obtained by
